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® In order to provide for a mobile communication 
netv^ork of a cellular type a transmission power 
control system capable of keeping a signal quality 
constant, an average bit error rate y is measured on 
a receiving side in connection with a communication 
channel being in use (step 100). If the average bit 
error rate y is not greater than a first rate threshold 
value LV1. transmission power is decreased by a 
predetermined amount on a transmitting side (step 
102). If the average bit error rate y is not less than a 
second rate threshold value LV2 which is greater 
than the first rate threshold value LVl (step 103). the 
transmission power is increased by the predeter- 
mined amount on the transmitting side (step 104). 
Preferably, an average reception level is additionally 
measured to adjust the transmission power when the 
bit error rate Is less or greater than the first or the 
second rate threshold value. The first and/or the 
second rate threshold value is adaptively adjusted 
by counting the number of times by which the bit 
error rate exceeds a predetermined maximum al- 
lowable rate. It is possible to use an average carrier 
to interference ratio with threshold ratio values sub- 
stituted for the threshold rate values and with a 
predetermined minimum allowable ratio used. 



START ^ 



AVERAGE RECEIVED 

err er ror rate 

' V 



'100 




P - o^P 



.—102 



P + o^P 



.104 



C ^° ) 



FIG. 4 



"'O: <£P OMOMZJ^ 



Rank Xerox (UK) Business Services 
(3. 10/3.6/3.3. n 



EP 0 548 939 A2 



This invention relates to a transnnission power 
control system for a mobile communication network 
of a cellular type. 

For a large-capacity mobile communication 
network, such as an automobile telephone network, 
a service area is composed of a plurality of radio or 
wireless zones (herein called cells). In each of the 
cells, a base station comprises a transmitter and a 
receiver to establish a radio communication chan- 
nel for carrying out a bidirectional communication 
with a mobile station comprising a transmitter and 
a receiver. Such a network is said to be of a 
cellular type. 

The transmitters of the base station and the 
mobile station have a maximum transmission pow- 
er capable of sufficiently providing a signal to noise 
ratio (hereafter called a CNR) and a carrier to 
interference power ratio (hereafter called a CIR) 
even when the mobile station is near a boundary 
between the cells. It consequently results that each 
transmitter uses the transmission power beyond 
necessity when the mobile station is present near 
the base station. In order to avoid such waste of 
the power and to suppress an average power con- 
sumption, use is made of a technique of controlling 
the transmission power of each transmitter to make 
the base station and the mobile station have a 
reception level kept constant. This technique is 
called transmission power control (or power con- 
trol) and is used in the automobile telephone net- 
work. 

A conventional transmission power control sys- 
tem of keeping a reception power level constant is 
disclosed in a report contributed by Teruya FUJll 
and Masayuki SAKAMOTO to Conference Record 
of 38th IEEE Vehicular Technology Conference, 
June, 1988. pages 668-672, under the title of 
"Reduction of Cochannel Interference in Cellular 
Systems by Intra-Zone Channel Reassignment and 
Adaptive Transmitter Power Control" and in an- 
other report contributed by A.N. Rosenberg to Con- 
ference Record of 35th IEEE Vehicular Technology 
Conference, Colorado, May 1985, pages 12-15, un- 
der the title of "Simulation of Power Control and 
Voice-Channel Selection in Cellular Systems". 

In the conventional transmission power control 
system of keeping a reception power level con- 
stant, the transmission power is kept constant de- 
spite an increase in an interference level. As a 
result, a deterioration is liable to frequently occur in 
a signal quality. 

It is therefore an object of the present invention 
to provide a transmission power control system 
capable of keeping a signal quality constant. 

Other objects of this invention will become 
clear as the description proceeds. 

On describing the gist of this invention, it is 
possible to understand that a transmission power 
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control system is for a mobile communication net- 
work which is of a cellular type having a service 
area divided into a plurality of cells and comprises 
in each of the cells a base station comprising a 

5 transmitter and a receiver to establish in the above- 
mentioned each of the cells a radio communication 
channel for carrying out communication between 
the base station and a mobile station comprising a 
transmitter and a receiver, with one and the other 

10 of the base and the mobile stations used as a 
transmitting station and as a counterpart station. 

According to a first aspect of this invention, the 
above-understood transmission power control sys- 
tem comprises in the receiver of the counterpart 

75 station: first means for detecting a bit error rate of 
a signal received from the transmitter of the trans- 
mitting station; and second means for decreasing 
transmission power of the transmitter of the trans- 
mitting station by a predetermined amount if the bit 

20 error rate is not greater than a first rate threshold 
value. The second means increases the transmis- 
sion power of the transmitting station by the pre- 
determined amount if the bit error rate is not less 
than a second rate threshold value which is greater 

25 than the first rate threshold value by a preselected 
difference. 

According to a second aspect of this invention, 
the above-understood transmission power control 
system comprises in the receiver of the counterpart 

30 Station: first means for detecting a carrier to inter- 
ference ratio of a signal received from the transmit- 
ter of the transmitting station; and second means 
for decreasing transmission power of the transmit- 
ter of the transmitting station by a predetermined 

35 amount if the carrier to interference ratio is not less 
than a first ratio threshold value. The second 
means increases the transmission power of the 
transmitter of the transmitting station by the pre- 
determined amount if the carrier to interference 

40 ratio is not greater than a second ratio threshold 
value which is less than the first ratio threshold 
value by a preselected difference. 

For a mobile communication network for digital 
communication, a signal quality is indicated by a 

45 bit error rate. In connection with a radio or wireless 
communication channel being used, the bit error 
rate is readily measured by transmitting through 
the communication channel a bit sequence having 
a predetermined pattern. According to the first as- 

50 pect of this invention, the bit error rate is used to 
indicate the signal quality. When only a negligible 
influence is given rise to by an intersymbol interfer- 
ence (ISl) caused by multi-path propagation, a bit 
error arises from noise and an interference signal. 

55 Consequently, the bit error rate is improved by an 
increase in the transmission power. The bit error 
rate tends to deteriorate when the transmission 
power is reduced. The transmission power of the 

2 
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transmitter is therefore decreased by a predeter- 
mined amount if the bit error rate is not greater 
than the first rate threshold value. The transmission 
power of the transmitter is increased by the pre- 
determined amount if the bit error rate is not less 
than the second rate threshold value. In almost all 
cases, such a control makes it possible to keep the 
bit error rate between the first and the second rate 
threshold values and to keep the signal quality 
substantially constant. 

Preferably, the first and the second rate thresh- 
old values are adaptively determined. In order to 
carry out communication with no trouble, the bit 
error rate should be kept during the communication 
below a certain value. This value is referred to 
herein as a maximum allowable bit error rate. In 
order to keep the bit error rate throughout the 
communication below the maximum allowable bit 
error rate, the first and the second rate threshold 
values must have a smaller value than the maxi- 
mum allowable bit error rate. It is, however, useless 
to render the first and the second rate threshold 
values excessively small and to insure the signal 
quality more than necessity. In order to optimally 
determine the first and the second rate threshold 
values, it well serves with measurement carried out 
of the number of times of deterioration in the signal 
quality, namely, of the number of times by which 
the bit error rate of a radio transmission channel in 
use exceeds the maximum allowable bit error rate 
in each predetermined time interval that at least 
one of the first and the second rate threshold 
values be decreased by a prescribed value if the 
number of times is not less than a value indicative 
of deterioration of the signal quality and that the 
above-mentioned one of the first and the second 
rate threshold values be increased by the pre- 
scribed value if the number of times is less than 
the value indicative of deterioration of the signal 
quality. The prescribed value is less than the 
preselected difference. 

When the deterioration results dominantly from 
a co-channel interference, it is possible to use in 
place of the bit error rate the CIR as an indication 
of the signal quality. For measurement of the CIR 
of a radio communication channel in use, known is 
a method of using a beat phenomenon in the 
manner described in a report contributed by 
Shigeru KOZONO and Masayuki SAKAMOTO to 
Conference Record of 35th IEEE Vehicular Tech- 
nology Conference, May 1985, pages 60-66, under 
the title of "Cochannel Interference Measurement 
m Mobile Radio Systems". According to the sec- 
ond aspect of this invention, the CIR is used to 
indicate the signal quality. Naturally, the CIR is 
improved with an increase in the transmission pow- 
er. The CIR deteriorates with a decrease in the 
transmission power. As a consequence, the trans- 



mission power of a transmitter is decreased by the 
predetermined amount if the CIR is measured by a 
receiver to be not less than the first ratio threshold 
value. The transmission power of the transmitter is 
5 increased by the predetermined amount if the CIR 
IS not greater than the second ratio threshold value. 
In almost all cases, such a control makes it possi- 
ble to keep the CIR between the first and the 
second ratio threshold values and to keep the 
'o signal quality substantially constant. 

Preferably, the first and the second ratio 
threshold values are adaptively determined. In or- 
der to carry out communication with no problem 
the CIR should be kept during the communication 
75 above a certain value. This value is herein called a 
minimum allowable CIR. In order to keep the CIR 
throughout the communication above the minimum 
allowable CIR, the first and the second ratio thresh- 
old values must have a value greater than the 
20 minimum allowable CIR. It is, however, of no use to 
render the first and the second ratio threshold 
values excessively great and to insure the signal 
quality beyond necessity. In order to optimally de- 
termine the first and the second ratio threshold 
25 values, it serves well with measurement carried out 
of the number of times of deterioration in the signal 
quality, namely, of the number of times by which 
the CIR of a radio communication channel in use is 
below the minimum allowable CIR that at least one 
30 of the first and the second ratio threshold values be 
increased by a prescribed value if the number of 
times is not less than a value indicative of deterio- 
ration of the signal quality and that the above- 
mentioned one of the first and the second ratio 
35 threshold values be decreased by the prescribed 
value if the number of times is less than the value 
indicative of deterioration of the signal quality. The 
prescribed value is less than the preselected dif- 
ference. 

40 Attention will be directed to determination of a 

minimum value for a reception level of the signal 
received in the receiver of the counterpart station 
According to the first and the second aspects of 
this invention, the reception level may have what- 
45 ever a value insofar as a predetermined signal 
quality is obtained. An increase, however, occurs in 
a liability of deterioration by noise and/or by an 
interference signal when the reception level is low- 
er. It is therefore desirable in practical implementa- 
50 tion to keep the reception level above a predeter- 
mined minimum level with a predetermined signal 
quality maintained. From this viewpoint, a decrease 
of the transmission power is preferably allowed 
only when the reception level is not less than the 
55 predetermined minimum level. 

Attention will also be directed to determination 
of a maximum value for the reception level. Ac- 
cording to the first and the second aspects of this 
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invention, the reception level may have whatever a 
value insofar as a predetermined signal quality is 
obtained. It is, however, liable when the reception 
level is excessively high that a problem arises at 
the receiver of the base station from intermodula- 
tion and/or interference between adjacent channels. 
It is therefore desirable in practical implementation 
to keep the reception level below a predetermined 
maximum level with the predetermined signal qual- 
ity insured. From this viewpoint, an increase of the 
transmission power is preferably allowed only when 
the reception level is not greater than the predeter- 
mined maximum level. 

Brief Description of the Drawing: 

Fig. 1 is a diagram for use in describing a 

general mobile communication network; 

Fig. 2 is a flow chart for use in describing a 

conventional transmission power control system; 

Fig. 3 is a block diagram of a pair of base and 

mobile stations for carrying out a transmission 

power control system of this invention; 

Fig. 4 is a flow chart for use in describing a 

transmission power control system according to 

a first embodiment of this invention; 

Fig. 5 is a flow chart for use in describing a 

transmission power control system according to 

a second embodiment of this invention; 

Fig. 6 is a flow chart for use in describing a 

transmission power control system according to 

a third embodiment of this invention; 

Fig. 7 is a flow chart for use in describing a 

transmission power control system according to 

a fourth embodiment of this invention; 

Fig. 8 is a flow chart for use in describing a 

transmission power control system according to 

a fifth embodiment of this invention; and 

Fig. 9 is a flow chart for use in describing a 

transmission power control system according to 

a sixth embodiment of this invention. 

Description of the Preferred Embodiments: 

Referring to Fig. 1, attention will first be di- 
rected to a general mobile communication network 
of a cellular type. In the manner which is described 
heretobefore and will become clear as the descrip- 
tion proceeds, a transmission power control system 
is used in the mobile communication network. 

The mobile communication network has a ser- 
vice area 11. Inasmuch as the mobile communica- 
tion network is of the cellular type, the service area 
1 1 is divided into a plurality of cells, such as first 
and second cells 13(1) and 13(2). In the example 
being illustrated, the cells 13 (suffixes omitted) are 
circular in shape and partly overlaps on one an- 
other. 



The mobile communication network comprises 
a plurality of base stations, such as first and sec- 
ond base stations 15(1) and 15(2). In the example, 
the base stations 15 (suffixes omitted) are individ- 
5 ually situated in the cells 13 as cell sites. Each 
base station 15 is depicted as having an omnidirec- 
tional antenna. The base stations 15 are connected 
to a switching or exchange office 17 of a public 
telephone and/or data communication network. 

70 A plurality of mobile stations, such as first and 

second mobile stations 19(1) and 19(2), are mov- 
able in the service area 11. In Fig. 1, the mobile 
stations 19 (suffixes omitted) are depicted as auto- 
mobiles. Each mobile station 19 is therefore a 

75 telephone substation installed on an automobile. 
Alternatively, each mobile station 19 may be either 
a portable radio telephone set or a telephone and 
data terminal equipment installed on a mobile ve- 
hicle. Each mobile station 19 may be standstill in 

20 one of the cells 13 and may move from one of the 
cells 13 to another cell 13. In the example, the first 
and the second mobile stations 19 are currently 
present in the first and the second cells 13. 

In each cell 13, the base station 15 exchanges 

25 communication with the mobile station or stations 
19 which are currently present in the cell 13 under 
consideration. Each cell 13 is consequently re- 
ferred to alternatively as a radio zone. 

In Fig. 1, it will be assumed that the first and 

30 the second base stations 15 are exchanging com- 
munication with the first and the second mobile 
stations 19, respectively, through radio communica- 
tion channels of a common frequency. Such com- 
munication channels are depicted by solid lines, 

35 each with an arrowhead. 

It will be observed that radio signals are trans- 
mitted also between the first base station 15(1) and 
the second mobile station 19(2) and between the 
second base station 15(2) and the first mobile 

40 station 19(1). The first base station 15(1) will be 
taken into consideration. In this event, the radio 
signal directed to the first mobile station 19(1) is 
herein called a down desired signal and has a 
down desired level Ddown at the first mobile sta- 

45 tion 19(1). When directed from the first mobile 
station 19(1), the radio signal is called an up de- 
sired signal and has an up desired level Dup at the 
first base station 15(1). When directed from the 
second mobile station 19(2), the radio signal is an 

50 up interference signal and has an up interference 
level Uup at the first base station 15(1). When 
directed from the second base station 15(2), the 
radio signal is a down interference signal and has a 
down interference level Udown at the first mobile 

55 station 19(1). 

Attention will be directed to the down desired 
signal. In this case, the first base station 15(1) is a 
transmitting station of transmitting the down de- 
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sired signal to the first mobile station 19(1) with the 
first nnobile station 19(1) selected as a counterpart 
station. The up desired signal will be taken into 
consideration. In this latter case, the first mobile 
station 19(1) is a transmitting station with the first 5 
base station used as a counterpart station. 

Turning to Fig. 2. the description will proceed 
to a conventional transmission power control sys- 
tem which is disclosed by Teruya FUJII et al report 
described heretobefore. The conventional transmis- w 
sion power control system is for controlling a trans- 
mission power of each transmitter to make the 
base station and the mobile station have a recep- 
tion level kept constant in order to avoid waste of 
the power and to suppress an average power con- 75 
sumption. 

Fig. 2 shows a practical algorithm. At the base 
station (the mobile station), an average value of the 
reception level is measured in each predetermined 
time interval and is represented by x (step 800). A 20 
difference is detected between this average recep- 
tion level X and a control setting level Xst and is 
designated by d {step 801). Next, the difference d 
is quantized by a control step width D to calculate 
n (step 802). This result is reported to the mobile 25 
station (the base station). At the mobile station (the 
base station), the transmission power P is de- 
creased by (n X D) based on the reported value of 
n (step 803). By periodically repeating this control, 
it is possible to keep the average reception level 30 
near the control setting level Xst at the base station 
(the mobile station). 

Inasmuch as the conventional transmission 
power control system keeps a reception power 
level constant, the transmission power is kept con- 35 
stant despite an increase in an interference level. 
As a consequence, a deterioration is liable to fre- 
quently occur in a signal quality as described 
above. 

Referring to Fig. 3. a transmission power con- 40 
trol system of this invention is included in each pair 
of a base station 15 and a mobile station 19. The 
base station 15 comprises a base transmitter (TX) 
21 and a base receiver (RX) 23. The base transmit- 
ter 21 is connected to a base antenna 25 through a 45 
base amplifier (AMP) 27 and a base duplexer 29. 
The base receiver 23 is connected to the base 
antenna 25 through the base duplexer 29. 

The mobile station 19 comprises a mobile 
transmitter 31 and a mobile receiver 33. The mo- 50 
bile transmitter 31 is connected to a mobile an- 
tenna 35 through a mobile amplifier 37 and a 
mobile duplexer 39. The mobile receiver 33 is 
connected to the mobile antenna 35 through the 
mobile duplexer 39. 55 

Each of the base and the mobile amplifiers 27 
and 37 is a controllable amplifier. The mobile trans- 
mitter 31 is connected to a microphone 41. The 



mobile receiver 33 is connected to a loudspeaker 
43. The base transmitter and receiver 21 and 23 
are connected to a mobile telephone switching 
office which may be the switching office 17 de- 
scribed in conjunction with Fig. 1 and is repre- 
sented by an acronym MTSO in the art. 

It will be surmised that the mobile communica- 
tion network deals with a voice signal alone merely 
for brevity of the description. From the mobile 
telephone switching office, a base transmission 
voice signal is supplied to the base transmitter 21 
and is modulated into a base radio frequency sig- 
nal. The base amplifier 27 amplifies the base radio 
frequency signal into a down radio signal having a 
base transmission power. The base antenna 25 
transmits the down radio signal to the cell or the 
radio zone 13 described in conjunction with Fig. 1. 

It will be presumed that the mobile station 19 is 
present in the cell in which the base station 15 in 
question is situated. The down radio signal is 
caught by the mobile antenna 35 as the down 
desired signal mentioned in connection with Fig. 1. 
The down desired signal is demodulated by the 
mobile receiver 33 and is supplied to the loud- 
speaker 43- 

From the microphone 41. a mobile voice signal 
is delivered to the base transmitter 31 and is mod- 
ulated into a mobile radio frequency signal. The 
mobile amplifier 37 amplifies the mobile radio fre- 
quency signal into an up radio signal having a 
mobile transmission power. The mobile antenna 35 
transmits the up radio signal to the base station 15. 

The base antenna 25 receives the up radio 
signal as the up desired signal which is described 
in conjunction with Fig. 1 and is sent to the base 
receiver 23. Demodulating the up desired signal, 
the base receiver 23 delivers a base reception 
voice signal to the mobile telephone switching of- 
fice. It will now be surmised that each of the down 
and the up radio signals carries a digital signal and 
is transmitted through a radio communication chan- 
nel. 

Through the base duplexer 29, the up desired 
signal is supplied to a base level detector 45 and 
to a base bit error rate (BER) detector 47. The 
base level detector 45 and rate detector 47 are 
connected to a base controller 49, which controls 
the base amplifier 27. Depending on the circum- 
stances, a base carrier to interference ratio (CIR) 
detector is substituted for the rate detector 47. If 
necessary, the ratio detector will be designated by 
the reference numeral 47. 

Through the mobile duplexer 39, the down 
desired signal is delivered to a mobile level detec- 
tor 51 and to a mobile bit error rate detector 53. 
The mobile level detector 51 and bit error detector 
53 are connected to a mobile controller 55, which 
controls the mobile amplifier 37. When the base 
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carrier to interference ratio detector 47 is used, a 
mobile carrier to interference ratio detector is sub- 
stituted for the nnobile bit error rate detector 53. 
The mobile carrier to interference ratio detector will 
be denoted, if necessary, by the reference numeral 
53. 

Each of the level detectors 45 and 51 is for 
detecting or measuring an average reception level 
in each predetermined time interval t in connection 
with a radio communication channel being used. 
Each of the bit error rate detectors 47 and 53 is for 
detecting or measuring an average bit error rate in 
the predetermined time interval t with respect to 
the communication channel in use. Each of the 
carrier to interference ratio detectors 47 and 53 is 
for detecting or measuring an average carrier to 
interference ratio with regard to the communication 
channel in service. 

Turning to Fig. 4, the description will proceed 
to a transmission power control system according 
to a first embodiment of this invention. In Fig. 4, 
control is carried out periodically either in the base 
station or the mobile station which stations are 
carrying out communication with one and the other 
used as a transmitting station and a counterpart 
station. First, the base station (the mobile station) 
detects an average bit error rate in a predeter- 
mined time interval t in connection with a radio 
communication channel being used to represent it 
by y (step 100). Next, the base station (the mobile 
station) compares the average bit error rate y with 
a first rate threshold value (hereafter abbreviated to 
LV1) (step 101). If a result indicates that the aver- 
age bit error rate y is not greater than the LVI, the 
base station (the mobile station) transmits towards 
the mobile station (the base station) a command for 
decreasing its transmission power P. Receiving the 
command, the base station (the mobile station) 
immediately reduces the transmission power P by 
a predetermined control step width D (step 102). If 
the average bit error rate y exceeds the LVI at the 
step 101, the base station (the mobile station) 
compares the average bit error rate y with a sec- 
ond rate threshold level (hereafter abbreviated to 
LV2) (step 103). The LV2 is greater than the LVI 
by a preselected difference. If a result shows that 
the average bit error rate y is not less than the 
LV2, a command is sent to the mobile station (the 
base station) to increase the transmission power P. 
Receiving this command, the mobile station (the 
base station) immediately increases its transmis- 
sion power P by the predetermined control step 
width D (step 104). If the average bit error rate y 
exceeds the LVI and is below the LV2, the base 
station (the mobile station) does nothing. The con- 
trol comes to an end. It is possible by the control 
of Fig. 4 to keep the average bit error rate y 
between the LVI and the LV2. 
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Reviewing Figs. 2 and 4. it is now understood 
that the bit error rate detector 47 or 53 detects the 
average bit error rate y. A combination of the 
amplifier 27 or 37 and the controller 49 or 55 

5 decreases and increases the transmission power P 
if the average bit error rate y is not greater than the 
first rate threshold value LVI and is not less than 
the second rate threshold value LV2 at the coun- 
terpart station. Under the circumstances, it is possi- 

70 ble to keep the reception level detector 45 or 51 
out of operation. 

Turning to Fig. 5, the description will proceed 
to a transmission power control system according 
to a second embodiment of this invention. With an 

75 optional time interval T, the base station (the mo- 
bile station) measures the number of times which is 
designated by M and by which a maximum allowa- 
ble bit error rate Y^ax is exceeded by an average 
bit error rate y in a time interval t which is shorter 

20 than the time interval T (step 200). This deteriorat- 
ing number of times M is compared with a pre- 
determined normal value Mreq (step 201). If the 
deteriorating number of times M is not less than 
the normal value Mreq, the first rate threshold 

25 value (LVI) and the second rate threshold value 
(LV2) are decreased by a prescribed value i (steps 
202 and 203). The prescribed value t is less than 
the preselected difference. If the deteriorating num- 
ber of times M is less than the normal value Mreq, 

30 the LV1 and the LV2 are increased by the pre- 
scribed value I (steps 204 and 205). Although the 
LVI and the LV2 are both decreased or increased 
in Fig. 5, only one of the threshold values may be 
decreased or increased by the prescribed value. 

35 By this control, it is possible to always keep a 
predetermined deteriorating number of times be- 
cause the first rate threshold value and the second 
rate threshold value are decreased when the dete- 
riorating number of times is great and because the 

40 first rate threshold value and the second rate 
threshold value are increased when the deteriorat- 
ing number of times is small. 

Reviewing Figs. 2 and 5, the bit error rate 
detector 47 or 53 detects the average bit error rate 

45 y in the manner described in the foregoing. It is 
now possible to understand that the bit error rate 
detector 47 or 53 is furthermore operable to detect 
or calculate the number of times M by which the 
average bit error rate y exceeds the maximum 

50 allowable bit error rate Yft/iAx- It is readily possible 
to make the bit error rate detector 47 or 53 so 
operate by inclusion therein of a comparator and a 
counter (both not shown). The bit error rate detec- 
tor 47 or 53 additionally controls the controller 49 

55 or 55 to decrease and increase at least one of the 
first and the second rate threshold values LV1 and 
LV2 into first and/or second adaptively adjusted 
rate threshold values (LV1 ± t) and/or (LV2 ± t). It 
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is readily possible to make the controller 49 or 53 
so adjust the first and/or the second rate threshold 
values LV1 and/or LV2 by using therein either a 
read-only memory (not shown) or a combination of 
an adder/subtracter (not shown) and a memory (not 
shown) for memorizing the predetermined value t. 
The combination of the amplifier 27 or 37 and the 
controller 49 or 55 now decreases and increases 
the transmission power P if the average bit error 
rate y is not greater than the first adaptively ad- 
justed rate threshold value (LV1 ± i) and is not 
less than the second adaptively adjusted rate 
threshold value (LV2 ± I) at the counterpart station. 
In these events, the reception level detector 45 or 
51 may be kept out of operation. 

Turning to Fig. 6, the description will proceed 
to a transmission power control system according 
to a third embodiment of this invention. In Fig. 6, 
control is carried out periodically in the base sta- 
tion and the mobile station which are exchanging 
communication. First, the base station (the mobile 
station) measures, as z, an average CIR in a pre- 
determined time interval t in connection with a 
radio communication channel being used (step 
300). Next, the base station (the mobile station) 
compares the average CIR with a first ratio thresh- 
old value (hereafter abbreviated to LW) (step 301). 
If a result indicates that the average CIR is not less 
than the LVV, the base station (the mobile station) 
supplies the mobile station (the base station) with a 
command for decreasing its transmission power P. 
Receiving the command, the mobile station (the 
base station) immediately decreases the transmis- 
sion power P by a predetermined control step 
width D (step 302). If the average CIR is less than 
the LVr at the step 301, the base station (the 
mobile station) compares the average CIR with a 
second ratio threshold value (hereafter abbreviated 
to LV2') (step 303). The LV2' is less than the LV1 ' 
by a preselected difference. If a result shows that 
the average CIR is not greater than the LV2', 
another command is sent to the mobile station (the 
base station) to increase the transmission power P. 
Receiving this command, the mobile station (the 
base station) immediately increases its transmis- 
sion power P by the predetermined control step 
width D (step 304). If the average CIR is less than 
the LVr and is greater than the LV2\ the base 
station (the mobile station) does nothing. The con- 
trol comes to an end. The control of Fig. 6 makes it 
possible to keep the average CIR between the LVV 
and the LV2'. 

Reviewing Figs. 2 and 6, it is understood that 
the carrier to interference ratio detector 47 or 53 
detects the average carrier to interference ratio z. 
The combination of the amplifier 27 or 37 and the 
controller 49 or 55 now decreases and Increases 
the transmission power P if the carrier to Interfer- 
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ence ratio is not less than the first ratio threshold 
value LVV and is not greater than the second ratio 
threshold value LV2' at the counterpart station. In 
such cases, it is possible to put the reception level 
5 detector 45 or 51 out of operation. 

Turning to Fig. 7, the description will proceed 
to a transmission power control system according 
to a fourth embodiment of this invention. With an 
optional time interval T, the base station (the mo- 
10 bile station) measures the number of times which is 
denoted by N and by which a minimum allowable 
CIR ZjviiN is not exceeded by an average CIR in a 
time interval t which is shorter than the time inter- 
val T (step 400). This deteriorating number of times 
75 N is compared with a predetermined normal value 
Nreq (step 401). If the deteriorating number of 
times N is not less than the normal value Nreq, the 
first and the second ratio threshold values LVV and 
LV2' are increased by a prescribed value I (steps 

20 402 and 403). The prescribed value t Is less than 
the preselected difference. If the deteriorating num- 
ber of times N is less than the normal value Nreq, 
the LV1 ' and the LV2' are decreased by the pre- 
scribed value t (steps 404 and 405). Although the 

25 LVV and the LV2' are both decreased or Increased 
in Fig. 7, decrease or increase of only one of the 
first and the second ratio threshold values serves 
well. This control makes It possible to always keep 
a predetermined deteriorating number of times be- 

30 cause the first ratio threshold value and the second 
ratio threshold value are increased when the dete- 
riorating number of times is great and because the 
first ratio threshold value and the second ratio 
threshold value are decreased when the deteriorat- 

35 Ing number of times is small. 

Reviewing Figs. 2 and 7, the carrier to interfer- 
ence ratio detector 47 or 53 detects the average 
carrier to interference ratio as above. It Is now 
possible to understand that the carrier to interfer- 

40 ence ratio detector 47 or 53 is additionally operable 
to detect or count the number of times N by which 
the average carrier to interference ratio z Is below 
the minimum allowable carrier to Interference ratio 
Zmin- It is readily possible to make the carrier to 

45 interference ratio detector 47 or 53 count the num- 
ber of times N in the manner described in conjunc- 
tion with the bit error rate detector 47 or 53 by 
reviewing Figs. 2 and 5. The carrier to interference 
ratio detector 47 or 53 moreover controls the con- 
so troller 49 or 55 to increase and decrease at least 
one of the first and the second ratio threshold 
values LVV and LV2' into first and/or second adap- 
tively adjusted ratio threshold values (LVr ± t) 
and/or (LV2' ± t)- The controller 49 or 55 is readily 

55 made so to adjust the first and/or the second ratio 
threshold values LVV and/or LV2' as described by 
reviewing Figs. 2 and 5. The combination of the 
amplifier 27 or 37 and the controller 49 or 53 now 
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decreases and increases the transmission power P 
if the average carrier to interference ratio z is not 
less than the first adaptively adjusted ratio thresh- 
old value (LVr ± t) and is not greater than the 
second adaptively adjusted ratio threshold value 
(LV2' ± t) at the counterpart station. Under the 
circumstances, the reception level detector 45 or 
51 may be put out of operation. 

Turning to Fig. 8, the description will proceed 
to a transmission power control system according 
to a fifth embodiment of this invention. In Fig. 8, 
the flow chart shows the fifth embodiment applied 
to the first embodiment illustrated with reference to 
Fig. 4. The fifth embodiment is likewise applicable 
to the third embodiment of Fig. 6. According to Fig. 
8, control is carried out periodically by the base 
station and the mobile station which are exchang- 
ing communication. First, the base station (the mo- 
bile station) measures an average bit error rate in a 
predetermined time interval t in connection with a 
radio communication channel in use and desig- 
nates it by y (step 100). Furthermore, the base 
station (the mobile station) measures an average 
reception level in the predetermined time interval t 
and denotes it by r (step 501). Next, the base 
station (the mobile station) compares the average 
bit error rate y with the first rate threshold value 
LVI (step 101). If a result shows that the average 
bit error rate y is not greater than the LVI, the 
average reception level r is compared with a pre- 
determined minimum level (hereafter abbreviated 
to LVmin) (step 502). If the average reception level r 
is not less than the LV^in. the base station (the 
mobile station) supplies the mobile station (the 
base station) with a command for decreasing its 
transmission power P. Receiving the command, the 
mobile station (the base station) immediately de- 
creases the transmission power P by a predeter- 
mined control step width D (step 102). If the aver- 
age reception level r is less than the LVm,n, the 
base station (the mobile station) does nothing. The 
control comes to an end. If the average bit error 
rate r exceeds the LVI at the step 101 of Fig. 8, 
the base station (the mobile station) now compares 
the average bit error rate y with the second rate 
threshold value LV2 (step 103). If a result indicates 
that the average bit error rate y is not less than the 
LV2. another command is delivered to the mobile 
station (the base station) to increase its transmis- 
sion power P. Receiving this command, the mobile 
station (the base station) immediately increases the 
transmission power P by the predetermined step 
width D (step 104). If the average bit error rate 
exceeds the LVI and is below the LV2, the base 
station (the mobile station) carries out nothing. The 
control comes to an end. The control of Fig. 8 
makes it possible to keep the average reception 
level r equal to or greater than a predetermined 



MSDOaO: -c£P_064a93aAajj> 



value with the average bit error rate y kept between 
the LV1 and LV2. 

Reviewing Figs. 2 and 8, the reception level 
detector 45 or 51 is put into operation of detecting 
5 the average reception level r. In the manner de- 
scribed in the foregoing, the bit error detector 47 or 
53 detects the average bit error rate y. The control- 
ler 49 or 55 compares the average bit error rate y 
with the first rate threshold value LVI. If the aver- 

10 age bit error rate y is not greater than the first rate 
threshold value LVI, the controller 49 or 55 com- 
pares the average reception level r with the pre- 
determined minimum level LVmin- In this manner, 
the combination of the amplifier 27 or 37 and the 

15 controller 49 or 55 decreases the transmission 
power P only when the average reception level or 
is not lower than the predetermined minimum level. 
The combination of the amplifier 27 or 37 and the 
controller 49 or 55 increases the transmission pow- 

20 er P if the average bit error rate y exceeds the first 
rate threshold value LVI and furthermore if the 
average bit error rate y is not less than the second 
rate threshold value LV2. It is now readily possible 
to use the bit error detector 47 or 53 and the 

25 controller 49 or 55 in adaptively adjusting the first 
and/or the second rate threshold value LVI and/or 
LV2 and to use the carrier to interference detector 
47 or 53 in place of the bit error rate detector 47 or 
53. 

30 Turning to Fig. 9, the description will proceed 

to a transmission power control system according 
to a sixth embodiment of this invention. In Fig. 9, 
the flow chart illustrates the sixth embodiment ap- 
plied to the first embodiment of Fig. 4, The sixth 

35 embodiment is similarly applicable to the third em- 
bodiment of Fig. 6. Control of Fig. 9 is periodically 
carried out in the base station and the mobile 
station which are communicating with each other. 
First, the base station (the mobile station) mea- 

40 sures an average bit error rate in a predetermined 
time interval t in connection with a radio commu- 
nication channel in use and designates it by y (step 
100). Moreover, the base station (the mobile sta- 
tion) measures an average reception level in the 

45 predetermined time interval with regard to the radio 
communication channel in use and denotes it by r 
(step 501). Next, the base station (the mobile sta- 
tion) compares the average bit error rate y with the 
first rate threshold value LVI (step 101). If a result 

50 indicates that the average bit error rate y is not 
greater than the LVI, the base station (the mobile 
station) delivers to the mobile station (the base 
station) a command for decreasing its transmission 
power P, Receiving the command, the mobile sta- 

55 tion (the base station) immediately decreases the 
transmission power P by a predetermined step 
width D (step 102). If the average bit error rate y 
exceeds the LVI at the step 101 of Fig, 9, the base 
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station (the mobile station) now compares the aver- 
age bit error rate y with the second rate threshold 
value LV2 (step 103). If a result shows that the 
average bit error rate y is not less than the LV2, 
the average reception level r is compared with a 
predetermined maximum level (hereafter abbrevi- 
ated to LVmax) (step 503). If the average reception 
level r is not greater than the LVmax. another com- 
mand IS delivered to the mobile station (the base 
station) to increase its transmission power P. Re- 
ceiving this command, the mobile station (the base 
station) immediately increases the transmission 
power P by the predetermined control width D 
(step 104). If the average reception level r exceeds 
the LVmax at the step 503, the base station (the 
mobile station) does nothing. The control comes to 
an end. The control of Fig. 9 makes it possible to 
keep the average reception level r equal to or less 
than a predetermined level with the average bit 
error rate y kept between the LV1 and the LV2. 

Reviewing Figs. 2 and 9, the reception level 
detector 45 or 51 is used to detect the average 
reception level r. As above, the bit error detector 
47 or 53 detects the average bit error rate y. The 
controller 49 or 55 successively compares the 
average bit error rate y with the first and the 
second rate threshold value LV1 and LV2. The 
combination of the amplifier 27 or 37 and the 
controller 49 or 55 decreases the transmission 
power P if the average bit error rate y is not 
greater than the first rate threshold value LV1 . If the 
average bit error rate y exceeds the first rate 
threshold value LVI and is not less than the sec- 
ond rate threshold value LV2. the controller 49 or 
55 compares the average reception level r with the 
predetermined maximum level LV^ax- The com- 
bination of the amplifier 27 or 37 and the controller 
49 or 55 increases the transmission power P if the 
average reception level r is not higher than the 
predetermined maximum level LVmax- In the man- 
ner described by reviewing Figs. 2 and 8, it is 
possible to use the bit error rate detector 47* or 53 
and the controller 49 or 55 in adaptively adjusting 
the first and/or the second rate threshold value LVI 
and/or LV2 and to substitute the carrier to interfer- 
ence ratio detector 47 or 53 for the bit error detec- 
tor 47 or 53. 

As thus far described in detail, this invention 
provides a transmission power control system ca- 
pable of keeping the signal quality constant. 

Claims 

1. A transmission power control system for a 
mobile communication network which is of a 
cellular type having a service area divided into 
. a plurality of cells and comprises in each of 
said cells a base station comprising a transmit- 
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ter and a receiver to establish in said each of 
the cells a radio communication channel for 
carrying out communication between said base 
station and a mobile station comprising a 
transmitter and a receiver, one and the other of 
said base and said mobile stations being used 
as a transmitting station and as a counterpart 
station, said transmission power control system 
comprising in the receiver of said counterpart 
station: 

first means for detecting a bit error rate of 
a signal received from the transmitter of said 
transmitting station; and 

second means for decreasing transmission 
power of the transmitter of said transmitting 
station by a predetermined amount if said bit 
error rate is not greater than a first rate thresh- 
old value, said second means increasing the 
transmission power of the transmitter of said 
transmitting station by said predetermined 
amount if said bit error rate is not less than a 
second rate threshold value which is greater 
than said first rate threshold value by a 
preselected difference. 

f. A transmission power control system as 
claimed in Claim 1. wherein said first means 
measures the number of times by which the bit 
error rate of the radio communication channel 
in use exceeds a maximum allowable bit error 
rate in each predetermined time interval, said 
first means decreasing at least one of said first 
and said second rate threshold values by a 
prescribed value if said number of times is not 
less than a predetermined value, said pre- 
scribed value being less than said preselected 
difference, said first means increasing said at 
least one of said first and said second rate 
threshold values by said prescribed value if 
said number of times is less than said pre- 
determined value. 

A transmission power control system as 
claimed in Claim 1 or 2, wherein said system 
further comprises in the receiver of said coun- 
terpart station: 

means for detecting a reception level of 
the signal received from the transmitter of said 
transmitting station to allow said second means 
to decrease the transmission power of the 
transmitter of said transmitting station only 
when said reception level is not less than a 
predetermined minimum level. 

A transmission power control system as 
claimed in Claim 1 . 2 or 3. wherein said sys- 
tem further comprises in the receiver of said 
counterpart station: 
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means for detecting a reception level of 
the signal received from the transmitter of said 
transmitting station to allow said second means 
to increase the transmission power of the 
transmitter of said transmitting station only 5 
when said reception level is not greater than a 
predetermined maximum level. 

5. A transmission power control system for a 
mobile communication network which is of a io 
cellular type having a service area divided into 

a plurality of cells and comprises in each of 
said ceils a base station comprising a transmit- 
ter and a receiver to establish in said each of 
the cells a radio communication channel for 75 
carrying out communication between said base 
station and a mobile station comprising a 
transmitter and a receiver, one and the other of 
said base and said mobile stations being used 
as a transmitting station and as a counterpart 20 
station, said transmission power control system 
comprising in the receiver of said counterpart 
station: 

first means for detecting a carrier to inter- 
ference ratio of a signal received from the 25 
transmitter of said transmitting station; and 

second means for decreasing transmission 
power of the transmitter of said transmitting 
station by a predetermined amount if said car- 
rier to interference ratio is not less than a first 30 
ratio threshold value, said second means in- 
creasing the transmission power of the trans- 
mitter of said transmitting station by said pre- 
determined amount if said carrier to interfer- 
ence ratio is not greater than a second ratio 35 
threshold value which is less than said first 
ratio threshold value by a preselected differ- 
ence. 

6. A transmission power control system as 40 
claimed in Claim 5, wherein said first means 
measures the number of times by which the 
carrier to interference ratio of the radio com- 
munication channel in use is below a minimum 
allowable carrier to interference ratio in each 45 
predetermined time interval, said first means 
increasing at least one of said first and said 
second ratio threshold values by a prescribed 
value if said number of times is not less than a 
predetermined value, said prescribed value be- so 
ing less than said preselected difference, said 

first means decreasing said at least one of said 
first and said second ratio threshold values by 
said prescribed value if said number of times 
is less than said predetermined value. 55 

7. A transmission power control system as 
claimed in Claim 5 or 6, wherein said system 



further comprises in the receiver of said coun- 
terpart station: 

means for detecting a reception level of 
the signal received from the transmitter of said 
transmitting station to allow said second means 
to decrease the transmission power of the 
transmitter of said transmitting station only 
when said reception level is not less than a 
predetermined minimum level. 

8. A transmission power control system as 
claimed in Claim 5, 6 or 7, wherein said sys- 
tem further comprises in the receiver of said 
counterpart station: 

means for detecting a reception level of 
the signal received from the transmitter of said 
transmitting station to allow said second means 
to increase the transmission power of the 
transmitter of said transmitting station only 
when said reception level is not greater than a 
predetermined maximum level. 
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In order to provide for a nnobiie connmunication 
network of a cellular type a transmission power 
control system capable of keeping a signal quality 
constant, an average bit error rate y is measured on 
a receiving side in connection with a communication 
channel being in use (step 100), If the average bit 
error rate y is not greater than a first rate threshold 
value LV1, transmission power is decreased by a 
predetermined amount on a transmitting side (step 
102). If the average bit error rate y is not less than a 
second rate threshold value LV2 which is greater 
than the first rate threshold value LVl (step 103), the 
transmission power is increased by the predeter- 
mined amount on the transmitting side (step 104). 
Preferably, an average reception level is additionally 
measured to adjust the transmission power when the 
bit error rate is less or greater than the first or the 
second rate threshold value. The first and/or the 
second rate threshold value is adaptively adjusted 
by counting the number of times by which the bit 
error rate exceeds a predetermined maximum al- 
lowable rate. It is possible to use an average carrier 
to interference ratio with threshold ratio values sub- 
stituted for the threshold rate values and with a 
predetermined minimum allowable ratio used. 
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